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1.1? ?????????????????????????????????????
It is a general economic knowledge that, in produc-
ing output, a firm needs a particular combination of 
input factors (Nicholson and Synder, 2017). The ne-
oclassical production theory prevails two key factors 
that directly affect output, namely labor and capital 
(Moysan and Senouci, 2016). The two-input frame-
work is basically to assess the value-added of output, 
as the input material is not included in the produc-
tion function. In analyzing total output, the four-
input framework is complete and provides a more 
comprehensive analysis of the input factors (Hali-
cioglu and Ketenci, 2018). The current study adopts 
the four-input analysis in examining output produc-
tivity. The hypothesis derived from the literature is: 
 H1: Each input factor (i.e., material, labor, capital, 
energy) has a positive and significant impact on out-
put productivity. 
1.2? ????????????????????????????????
The theoretical foundation for the relationship be-
tween trade (export and import) and firms’ produc-
tivity can be traced back to Krugman (1979) and 
Helpman and Krugman (1985). In this early litera-
ture, trade increases the productivity of a firm 
through the scale effect and selection effect (Gross-
man and Rossi-Hansberg, 2008). Export increases 
the production scale and in turn, leads to the reduc-
tion of unit cost (Ottaviano et al., 2018). Import ena-
bles the product market to relocate the released fac-
tors of production to survival firms, which shows the 
selection mechanism as the result of trade openness. 
 Empirical literature strengthens the theoretical 
foundation by evaluating the trade impacts on firms’ 
productivity. Kapri (2016) justified the positive ef-
fect of trade liberalization on the productivity of 
firms for Korea. A similar finding was provided by 
Amity and Konings (2007) for Indonesian firms. 
Topalova and Khandelwal (2011) also concluded the 
positive effect of trade on firm productivity in India. 
Based on these previous studies, this current re-
search develops the following hypothesis: 
H2: Trade liberalization increases the output 
productivity of local firms. 
1.3? ???????????????????????????????????????????
The idea of productivity effects from foreign di-
rect investment (foreign ownership) arises from the 
groundbreaking paper of Caves (1974). This idea 
was developed to the empirical studies to examine 
the existence of these effects on local host-country 
firms (Blomstrom and Kokko, 2003). The earlier 
empirical research focuses on cross-sectional data 
due to the limitation on the availability of data (for 
example, Sjoholm, 1999; Takii, 2005; Blalock and 
Gertler, 2008). The current research on this area uti-
lizes the panel data of firms in a specific country. 
Khalifah et al. (2015) examined the FDI effects on 
local firm in Malaysia, Kim (2015) evaluated those 
effects in South Korea, Liang (2017) pointed out the 
Chinese firms, whereas Suyanto et al. (2014) Sari et 
al. (2016), and Suyanto and Sugiarti (2018) analyzed 
the FDI productivity effects in Indonesia. 
From the theoretical foundation and the previous 
empirical studies, the impact of foreign ownership 
on firms’ productivity is hypothesized as follows: 
     H3: Foreign ownership has a significant positive 
effect on output productivity 
2? RESEARCH METHODS 
Following the existing literature by Halicioglu 
and Ketenci (2018) and Kapri (2016), this current 
study extends the conventional neo-classical Cobb-
Douglass production function by incorporating trade 
(export and import) and foreign investment as addi-
tional inputs. The simple augmented production 
function when incorporating trade and foreign in-
vestment takes the form below: 
𝑌𝑖𝑡 = 𝑓(𝑀𝑖𝑡 , 𝐿𝑖𝑡 , 𝐾𝑖𝑡 , 𝐸𝑖𝑡 , 𝑋𝑖𝑡 , 𝐼𝑀𝑖𝑡 , 𝐹𝑂𝑖𝑡) (1) 
where 𝑌𝑖𝑡 is the value of output for firm-? at time-?,  
𝑀𝑖𝑡 is the value of the material used by firm-i at 
time-t,    
𝐿𝑖𝑡 is an equivalent full-time worker of firm-? at   
 time-?, 𝐾𝑖𝑡 is the value of capital for firm-? at time-?,  
𝐸𝑖𝑡 is the value of energy used in the production of  
firm-i at time-t, 𝑋𝑖𝑡 is the percentage of export from 
the total output, 𝐼𝑀𝑖𝑡 is the percentage of imported 
material to total values of the material, 𝐹𝑂𝑖𝑡 is a 
dummy variable of foreign ownership that takes a 
value 1 when the firm has foreign ownership or a 
value of 0 when the firm has no foreign ownership. 
The long-run relationship for the augmented produc-
tion function of equation (1) is expressed economet-
rically in logarithmic form as follows: 
𝑦𝑖𝑡 = 𝛽0 + 𝛽1𝑚𝑖𝑡 + 𝛽2𝑙 + 𝛽3𝑘 + 𝛽4𝑒𝑖𝑡  
+𝛽5𝑋𝑖𝑡 + 𝛽6𝐼𝑀𝑖𝑡 + 𝛽7𝐹𝑂𝑖𝑡 + 𝜑𝑖𝑡 (2) 
Where 𝑦𝑖𝑡 is logarithmic of output value, 𝑚𝑖𝑡 is loga-
rithmic of material value, 𝑙𝑖𝑡 is logarithmic of num-
bers of workers, 𝑘𝑖𝑡 is logarithmic of capital value, 
𝑒𝑖𝑡 is logarithmic of energy value, 𝜑𝑖𝑡 is the stochas-
tic error term, and other variables are as previously 
defined. 
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 The equation (2) was calculated under four 
methods of analysis namely (1) Ordinary Least 
Squared (OLS), (2) Generalized Least Squared 
(GLS) Random Effect, (3) Maximum Likelihood 
(ML) Random Effect, and (4) General Method of
Moment (GMM).
 The data used in this research was 8,589 man-
ufacturing firms in Indonesia over the 2007 to 2013 
period; therefore, the total observation was 60,123 
firms. This balanced panel data was constructed us-
ing the six-step procedure as in Suyanto et al. 
(2009), derived from the annual survey of large and 
medium manufacturing firms conducted by the In-
donesian Central Bureau of Statistics (BPS). 
3 RESULTS AND DISCUSSION 
Table 1 presents the estimation results of equation 
(2) under the OLS, GLS, ML, and GMM methods.
The sign of coefficients for each variable is the same
for the four methods. The magnitudes vary under the
four methods, but variations of the magnitudes are
small except for GMM results, which very large than
those in the other methods. The significant degree of
each variable is the same under the four methods,
except for Export (X) that has a lower degree of sig-
nificance under GMM (at alpha 10%, while under
the other methods are at alpha 1%). In general, all
variables are statistically significant influencing out-
put productivity.
      The discussion of the estimation results was 
based on the GLS Random method, in column 2 in 
Table 1. As suggested in Wooldridge (2016), panel 
data with large numbers of cross-sectional observa-
tion is valid under the GLS Random method. Other 
methods were presented for robustness checks. In 
addition, the partial significance test shows that all 
variables are statistically significant at a high degree 
of 99% under the four methods, except for the Ex-
port variable under GMM. Interpretation of the es-
timation results under the GLS Random method is 
very much similar to other methods. 
Table 1: Estimation Results of Augmented Production Equa-
tion under OLS, GLS, ML, and GMM 
(Dependent Variable: Output) 
OLS 
Common 
Constant 
(1) 
GLS 
Random 
Effect 
(2) 
ML 
Random 
Effect 
(3) 
GMM 
(4) 
Constant 1.4836*** 
(0.000) 
1.8656*** 
(0.000) 
1.9071*** 
(0.000) 
0.4135*** 
(0.000) 
m 0.5734*** 
(0.000) 
0.5038*** 
(0.000) 
0.4973*** 
(0.000) 
0.2386*** 
(0.000) 
l 0.3326***
(0.000)
0.3595*** 
(0.000) 
0.3576*** 
(0.000) 
0.2386*** 
(0.000) 
Cont. 
k 0.0089*** 
(0.000) 
0.0079*** 
(0.000) 
0.0077*** 
(0.000) 
0.0038*** 
(0.002) 
e 0.1791*** 
(0.000) 
0.1875*** 
(0.000) 
0.1882*** 
(0.000) 
0.2201*** 
(0.000) 
X 0.0004*** 
(0.000) 
0.0002*** 
(0.000) 
0.0002*** 
(0.000) 
0.0001* 
(0.061) 
IM 
FO 
Number 
of Firms 
-0.0010***
(0.000)
0.0011***
(0.000)
8,589
-0.0009***
(0.000)
0.0007***
(0.000)
8,589
-0.0009***
(0.000)
0.0006***
(0.000)
8,589
-0.0003***
(0.014)
0.0002***
(0.005)
8,589
Total 
Observa-
tion 
60,123 60,123 60,123 60,123 
Source: Estimation results on the balanced panel data 
Note: *** indicates significance at 99%, ** indicates signifi-
cance at 95%, and * indicates significance at 90%. The P-
values are in parenthesis. 
Concerning the material input (m), it was found 
that the coefficient is 0.5038 and significantly influ-
ences output at a 99% degree of confidence. The co-
efficient reflects the elasticity of material to output. 
The value of 0.5038 was interpreted as an increase 
in 1 percent material leads to an increase of output 
for 0.5038 percent. The coefficient of labor (l) is 
0.3595, showing the positive impact of labor on out-
put with the elasticity of 0.3595. The positive impact 
of labor is statistically significant fewer than 99% 
degree of confidence.     
 Capital had a positive and significant effect on 
output, with the elasticity coefficient of 0.0089. The 
other input variable of Energy (e) also had a positive 
coefficient and significant in affecting the output of 
the observed firms, with the elasticity coefficient of 
0.1875. The sum of the elasticity coefficient of input 
to output for the four factors indicates the increasing 
return to scale in production. 
 The findings of the input coefficients are con-
sistent with the neoclassical production theory that 
pinpoints input variables have positive impacts on 
output, with the elasticity of input to output is less 
than one for each input, as stated in Nicholson and 
Synder (2017). The findings are also in line with 
previous empirical studies on Indonesian manufac-
turing firms by Sari et al. (2016), Suyanto et al. 
(2014), and Suyanto and Sugiarti (2018).   
 Moving to the external variables, the positive 
and significant coefficient of export (X) presents a 
positive impact of export on output. A 1 percent in-
crease in production export of a firm rises 0.0004 
percent of its output. The finding of positive impact 
of export on production is not surprising as the more 
significant the percentage of output exported, the 
higher the productivity of output, which supports the 
arguments of Krugman (1979) and Helpman and 
Krugman (1985) and corresponds to previous empir-
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ical studies by Amity and Konings (2007) and To-
palova and Khandelwal (2011). 
In contrast, import (m) had a significant negative 
impact on output. The increase in the percentage of 
imported material leads to a decrease in the firm’s 
output by 0.0009 percent. The result is similar to 
Kapri (2016). 
FDI that representing foreign ownership in a firm 
had a positive and significant effect on output. This 
finding is interpreted as the productivity impact of 
FDI on local firms. Foreign ownership induces 
output productivity in Indonesian manufacturing 
firms. This result justifies the theoretical arguments 
of Caves (1974) and Blomstrom and Kokko (2003) 
and consistent with findings of previous studies 
about Indonesia by Suyanto et al., 2014; Sari et 
al.,2016; Suyanto and Sugiarti, 2018) and elsewhere 
by Khalifah et al., 2015 for Malaysia; Kim, 2015 for 
South Korea; Liang, 2017 for China. 
4 CONCLUSION 
This research explored the impact of inward-and 
outward-looking factors on the output productivity 
of Indonesian manufacturing firms. The total ob-
served firms were 8,589 over the 2007-2013 period. 
Four distinctive methods of analysis, namely OLS, 
GLS, ML, and GMM, were applied to the balanced 
panel data. The results showed that the inward-
looking factor, either material, labor, capital, or en-
ergy, had a positive and significant impact on output 
productivity, respectively. Export had a significant 
positive effect on output, indicating the importance 
of export in increasing productivity. Import had a 
significant negative effect on output, suggesting the 
disadvantage of using imported material in produc-
tion. Foreign ownership had a positive and signifi-
cant coefficient, implicating a productivity impact of 
foreign ownership in Indonesian manufacturing 
firms. The policy implication is twofold. Firstly, a 
firm needs to have an outward-looking strategy in 
increasing its productivity. Secondly, the firm policy 
in increasing output productivity can be achieved 
through export and foreign ownership. These two 
policy implications for outward-looking strategy are 
consistent with the current global environment and 
the industrial revolution 4.0.   
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